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(57) Abstract: The invention provides a laser beam machining 
method characterized by comprising the steps of mounting a 
protective tape (25) on the surface (3) of a wafer (la), radiating 
laser light (L) by using the back (21) of a wafer (la) as a laser light 
incidence plane with an optical converging point (P) positioned in 
a substrate (15) to thereby form a melt processing region (13) for 
melt processing by multiphoton absorption, forming, by means of 
the melt processing region (13), a cutting start region (8) on the side 
within a predetermined distance from the laser light incidence plane 
along a predetermined cutting line (5) on the wafer (la), mounting 
an expand tape (23) on the back (21) of the wafer (la), and stretching 
the expand tape (23) to thereby separate a plurality of chip-like 
portions (24) from each other that are formed by the wafer (la) being 
cut with the cutting start region (8) used as the starting point. 

(57) gift: *S§0J3l£v ^X/M aOSSSlCffcil^— Z? 2 5£ 
gSU, ^x/M a COS® 2 1 *U— tfSfcAStSfcLTSffi 
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[0 0 0 7] -CDi 5^*1f m«*TJ&S*t^:t>©1?*>9 % 

5 [0 0 0 8] Jb«B»S:Jtriii-5fc«)fc % — if JDI^ifeH\ £ 

spx^-fe-efcoT, jpx*f*^©stsasffiaoM^#«7>f/wA%^*u % snx 
[ooo9] £fc, *isw^5 v — -FtoJLjjmti, ¥M&&mk, *m&& 

T?feoTs ^X^'feoSfSSPffiB^aa^Sl^w'/^Sr^bs *IJXSfrJfei|&<E> 
[ooio] £ftfe<pv-if^x#fefc:J:;h,fi N JDi^t#jroSffil-M7^ 
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ipx^fe^ifu^ ^^^x^^fe^a*©SfS«3S*^^i-«#^^^:*5V^T l ^>^PX 

[ooiii wfc±.<DW£Ut\L mm<D%tmzm££tifc-b<D^ m 

[0 0 12] *fc N TiPX^fett. StEfcs Sfc-hl-Kttb 

frfc^Jigpi ^tfTOtt^JPX^WfelbSreiSrt-s if Anx^r*foo"C. in 
X^»©tt**HW©*ffin-#ll^ -f U anX*tfMfe©*ffi*r If 

i^jcftoTV— If^AWffi^feM^ffiBirtW^WiB^ffi^^JSU *P 
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[0013] *fc N TSnx^fi. Xt^-tKiStt <b 

HfclSg^ir^tP^^^PXM^^^i'fi-S U-1finX^T*fcoT N JP 
X^«5<E>«Ji*MB!l<E>*B5 /^Sr^tf U JPXxt»^fiffiS: l^— f* 

X«**©IRB»z:#3W4©7-f /v^«rSI#U *HX»«t4fcK:^SrWani-S-fc 
W /^ASr#«S« - i £ OlnX*t**©*»[©«|S^Sr^-«H-«MS:flt^.« 
[0 0 14] rtbfe©v-ifJnx^fcj;ttfi. ±3&Lfci— if^DX^fetl^ 

[0015] ^fcs v^mx^ifera^ StE^s S^xicisttfe 

^«JilHS^Sr^tp¥«^o^X*t*4&4r§J»rt-5 v— If JpX*tSfeT?*>oTs AP 
X*«fe4*oaJi*F»iW©^ffi»2:»«7 4 U 2raX*ffc4tJ©£Bff £r v— if 

ftAttffii LT2&fc©rt»fc*ft£ if*SrW«*i-* - «t 5 # 

ycfictw if^Alt®^feM^^lii*iffia^^fM^^^^U in 
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^±\z:nifhtiitmmUk^istf^iR^<oMJ:n^^mWHr^ i^-if^BX^ 
co-gD iff 9 -f >- » o T If 3te Altffi fc» b Bf^EEIf ft fill KHO Hf jB^IS^ £ 

[0 0 17] iFJnX^fefcifrtf, X^UfcW-1f*pX^-fei:l^ 

«©1SIj:J:9 % ^X^^^a'«roS[Jifl^3tSrW■t■5»^^-*3V^Tt>0E^^IX*r 

15 tia^ ^X^fe©^»fjB^*^3l3ftEfi:^a s PPiD$^5o-t? N *nx*ftfe& 

^mm^^ukmm^n^^M^ir^jLUk^mm^fv^k^x^^ asssx 

[0018] JSfcbfcJJsSSWfctfRS if^x^&^^Tte, Jnx*j- 

20 %tm(omm : &wm-$~z>z. kt>wau<\ ^n\cx^x, mm^M^M/^kv 

[0 0 19] *fc N ±3£Ufc*5SW^5 V— 1f#PX;S1fe^*^Tf±, #3fitt 

25 r ^ ctoXs mmm^mm^m £ n*:Anx*tfc«& $tsr^< 



5 



WO 2004/082006 t t PCT/JP2003/011626 

5 Si (is *3R*^tB»::«5 v— !fjnx*tttmj;5 nfanx^oaPXaMMfe 

H 2 te N Hi te^-t-JnxfctfMfc© II -II »tftofc»fSiBlt?*>s Q 

H 3 tt N *&tt7&lBtt:ffi3 V-if^JDX^^ «£ 5 V— if *PX^<OiDXM*«J 
10 El 4(4, 1^3^i-SPX^#JOlV-IV^^fp v ofclilf®0T^S o 

in 5 a* „ in 3 i-^-riuxM^^ © v- v m\z%i o ^t»f m m x~ $> z> „ 

HI 6 fi N *mffl&Wz&% -if Mttrnz. J: «9 ^0®f ^Hf^PXM^^©¥ 

in 8 w\ *^»lit^5 if Jnx^ifeo^ i xsfc:*3tt5anx*Mfe4&© 

121 9 fcfc % ^Jfe^flSfcteS V — 1fjDX*-fe©|g2XSfc*3tt5JBX*r*4&<7? 
©l$lf®II|-T?£>5 0 

1211 in, *mw&M\z.&z> is— if5nx^s<^^4xa^*5Jts^x*f^4fe> 
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Hiss:, &nw&tete&zu~?tottmz38^xm^hfrz&^&7F: 
-tmuwxh&o 

5 H 1 6 fl 0 1 5 \Z7F£tltiV^^<D¥-W^i~elbZ>< l 

0l7li, Hi 6 ^^^tLfO^^CO VI-VI I0f®^t^ VII -VII frS^r^i- 

10 Bi9ii, @i4|:^$^fci- — ifinx^ilSr^v>T!?3i^^§iBfjB^«*sK 

HI 2 OA- 2 oc n »i3l»«»c«*^iniPX*SSfe«rttWi-*fc*©^3i 
m 2 1 A- 2 1 C 14. & 1 l — if JnX^SrWMi-5feJ?)©!>^ 

is ^<z>i§fj®iu-efc5 0 

12 211 » l ^li&W-t 3 ^ i- — 1fJPX*ife*RW-t-5fc«>©l>*^©WrB5 

20 02 4(1 1f*PX^jfeOjS2|lllll#!I4rl»Wi-**:«)0 

0 2 5A-2 5C H f 2HS«I^5 tf*nX*-feSrS£Mi"5^:«)0!>^ 

0 2 6A-26CH I2^M!I^5 if*nX^rfe^mK-f-5fc«?)(^">^ 
25 /^HfMm-efcSo 

02 7I1 JB2*lfi^KISSl^— if*nx^ife^WMi"5fc«>©»>=^©»f® 
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-7X1— ^ — hT?£>5 0 

[0020] £TF, 0©^*^c^W©»3a^t6^«8^<^v^-cg^3H^^^SftWi- 

[0 0 2 1] tt^tDKJR©^^ K^y^Ea £ 9 fc*?©=^^hv ^ 

> Eg (Dm* (n=2, 3, 4, • • •) T?*mfc!KJfc3S£fc5, r©SMfeSr# 

^17— (W/cm>) -C*^:*9> 03*.tf*'~^ '*I7 1 * 1 0« (W/ 

cm 2 ) ^±.«D^{tt?#^^©HX^^CS 0 ^^{±s (A^J-fe 

It5 V-f *® 1 /^^fc D ©x^;V^-) - (I ^r%(D\f— A^tK^ Mir 

— iF3fctf>&#^ (W/cm!) tft*5„ 

[0022] i©«t 5 ^^^-^^Hx^rfU^i-s^mi^B^^s iflbnx© 

glf^ov^ts 01~@6lr#iUX^t5, HI 1 \%^~ If^PXtfxDjpX*^ 
& 1 ©spfggi^j, 5 N El 2 RBI 1 ^i-flPXfcMfe'Bj 1 <D II-II jfclziJ&ofcBfBff 
mX*foK>, @ 3 f4U-f JlBlf ©Jtol^tl 1 ©?ffi@T?fc "5 , H 4 M 3 fcTF 
-tMTMtim 1 © IV-IV ^f P v ofcl*irffilI|-?£> 9 s HI 5 \tM 3 t^l-JpxM* 
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[0023] mi RXfM 2 \Z7tfr «fc o tiaiMfk® i <^m i o t tt N Mutt 
1 ©rtiFP^ate^ p l 4r2nx*ftfe4fc 1 KR&it lt&kis 

fc. Jqx»*ftl©ffii 0f*w- »f^A#t$tb5 v— if3feAtt®t^oX*3«9. 

10 £3W£UV\, 

[0 0 2 4] V— if 3tL 4:^01^ 5&7<^5 IC^oT (i-**>*>^A^-|Rjfc 

15 ^8«$ti^ 0 *mmmm\z&z> u—^mttmi^ jri»««ji^v 

— if^L&gfciBl-rsr 9 >toX:*t^#> l &3§8&&-£:"C3Jc5S^i6 7 IrMtS 
©T?H:jfcV\ *PX^» 1 in Wif^L^ja^ttX^^lO^^^^T- 
«ftiK*3S^**TakJt«*7 «r^ffcUTV^„ iot, JBl^ft l ©ffi l o T 

20 ifc£&V\ 

[0 0 2 5] MTtt&m 1 ©HDIgH^v^Ts ftJWi-SttMKijB^feS tABX 
tt&Mo 1 ll^oS^btJIiS©^ m 6 ^i"J: 5 ^jtiRW/h^jfe^J^xSt 
*feiSr§3»f^-5ni:^-C#So ioT> iPIjytte 1 OS 1 0 t^^gjitfflii 
$ * 5 - i: * < MJLMMm 1 ©ijO»r tf* pjfg <u ft 5 „ 
25 [0 0 2 6] *HJfi^H8tJ:*5V^T#3t- : f-5RJRJ-«fc 9 J&J* 3 *t 5 afcWWfc 

fcUTte. (1) ~ (3) tfS&So 
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5 D <£>-hl£<lfcfc tttts 0iJxLf^lxioi2 (w/cm2) T?fe5o ^/u.* 

(Bttfll&fi lns~200ns 3*0* LV\ 

[0027] *$£w%ns mx-&&b? i 7y?(D*:%£b<Dm&&m&i\z£*) 

(A) miS. : \sy&* (SMffll) #7* (f$7 0 0pm) 

(B) Wif 

: — iPjSbiSN d : YAGWf 

: 1 0 6 4 n m 
I •PftX^S' h®f®^ : 3. 14xl0- 8 cm2 

ftOiSUgftft : 1 0 0 kHz 
^/l^-Xtfig :30ns 
tB^> : IH^J < 1 m J /V?^* 
V—lPftiSiSt : TEMoo 

(o m^m^^x 

(D) £&tf4A£ft£ttff£<P&S!ri&& : 1 0 Omm/# 
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[0 0 2 8] fc*3 N wWpR^TEMoo t tts ^Me^SK V— ^©SE 
[0 0 2 9] Bl 7 (i±E^R©i^*t^77-e*>5, ffltotiV—?'*?*- 

X (C) ©WiOO§, iPf (NA) ^o. 8 0 0f^fc^ 0 — 75, ^ 
10 77^©^tvTt7-?liffl^>^ (C) ©W5 0§ N iPi (N 

A) ^0. 5 5©f^T'fe5, tT— *^!7 — 1 0" (W/cm*) 

b£tR©rt*Pt-^7 yfxtfy btf^^U fcT—*>*l7 < 

[0 0 3 0] ifclc, if^xfc*5V>T. ? =7 y*mV3&&. 

15 t,tS*PXM^^if©^7J^XA^oV^Tlll8~|§ll 1 £rfflV^Tt&9Hi-3„ 

^iirTV— 1f3teL&iniI*tfe*l ^RgMLTWrf^^-l' ^KteoTrtfflSj::* 
7^ 9 S:3^J*i- 5 o 9^1 oXIiSI©^ 9 2/ * ^"a tfiS^ 

i i i 7 \z.nTM^m 1 - ^ ^ £ 3 anxattfefe 1 * ns . 

[0 0 3 1 ] ( 2 ) afcKftJSfl*i&»#i3«&G>»<g> 
^^*5»t3^#3S^* s 1x108 (w/ c m 2 ) £JL±t?J.o/^^fBa s lps 
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Kv-y =^#3t-C*>4„ «#5S*©±R«[^ tt(i, MtL&ixi 012 (w/c 

m 2 ) T*fe5 0 ✓•VW*fBf40!lx.fi£ lns~200ns LV\, 
[00 3 2] *3§91#i*> = ^^^/N^p^gpx^iSfe^SW^^^^S 

(A) 36S:ViJay!>xA 3 5 Opm, 

(B) P—if 

ftft : ^U-f» d : YAG Wif 
SES : 1 0 6 4 n m 

V— If^zKs' M&T®^ : 3. 14X1 0"8 cm 2 

l&^Ul&ifc : 1 0 0 kHz 

fli : 3 0ns 
m^J : 2 On J/^/W* 
IfStiSflt : TEMoo 

c) Mi-yx 

^ : 5 0{£ 
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N. A. : 0. 5 5 

(D) ^ 5 it^©fMS : 1 0 Omm/# 

[0 0 3 3] 01211 ±iB*#-e© If Jnifc: =t 9 TO £ ix/t V = ^ ? 

^g#l 3^ff $^[R]W^:# 0 0]imgarC*>5„ 

[0 0 3 4] fflSMimffl$l 3d5#^®ltX^i U^SivfewfcSrlftMi-So 

2 0 OjirrK 5 0 Opm, 10 0 OjimtD'S-* IcoV^T JsISP^^t^ b^io 

[0 0 3 5] 0!;fcH^ NdrYAGV — if (Dfe&X'fo 5 1 0 6 4 n m^:}SV^ s 
V 1 ; aySfiO)|$iS5 0 Oiim^T^^-^> ^ P = ^Wfc<K foWWt if 3fc 
15 0%^_hS5Si"5-i:* s ^5- H 1 2 KSH-^P a y^x^ 1 1 ©f* tt 

3 5 0pm^©T\ ##^ftJfcfcJ:5*ilk&S«*l 3&->y =H/$z^^l 1<D 
<£>btti&fcMl&irZ> $sV ^-s*?zcr* 1 1 (D&ffifrb 1 7 5pmOgB#te:?W 
JJl5„ r^)^-^CD^jl¥(i. 2 0 0]im©^5 ay^xA^t^tSix 
9 0%&Uh&<£>-C\ U— ^afcjW^U 1 ©rt*P^R4X£*l><&©f±fifo8* 

20 "T?*>t>\ K£^iras3§ii-*-5o -(Di.irfi, VP KDfigp-ei^-if 

u-if3tet'«t5ii^OiIlf|»iT^i!l^;S^^fife) $n/tt>©T?tt*<x 

[oo3 6] &*s N v-y *Bk«ya«*^Tt>oT^**b5§iWf 
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%x.e>^t5o mi 2^$jx^jf^e>t>^5i5^ 1 3 

[0037] ( 3 ) aS:W*#JBJIr«fl5«(*©*^ 

1x10 8 (W/ c m 2 ) UH±*TfJ|.O^^^fS*S Ins ErF©&#"C SrfiS 

[0038] jex.Jh. #ft^BR«Du-.fc ^ 5 efc«iK*££ tx (i) ~ 

[0 0 3 9] i"3ifc>*)s ^>-f£k*<Dy4^^FM&<D%Life&¥m>fcfrib 

fcsaEK©*^ (iiD® (*i*iwffi) ^(no)ffi (^2§tp®) 

ffi&$£§L1*3&<0 ni-v ^ft^^^fr^^ f> 4 § S^©l^l4s (110) mz. 
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2O3) ft £<Dtt&&<D&&m&&&-t (0 0 0 1) Bf (C 
si) zikffik lt (1120) m (A®) ifcWi (110 0) m (Mffi) &£&o 

[0 0 4 0] fcfc, UTflfctfR^tt©**^^^**^ -ti&b 

5 ^SJSffi^WSr^^**^ (Witrfs SMtEvy =»^3aRJc*5rt5 (11 

1) ®^?&ofc^iR]) . ^:v^ ^-ea^f^^^^cSr^fife-f-^^ ^irj tsiiic^s^s^-f^ 

10 [0 0 4 1] ^.K, -LJfeb^: wif jnx^mtt^$H5 v—ifinx^n^o 
v^-c. 121 1 4 &#!&L-rM3-r5o HI 1 4 fit ranxgsfi 100 <DMv&M$.m 

[0042] if Anxgfli looit T3t L ?r^-r 5 w—if afcSR 1 0 
1 if3feL©W^^/v-^*S^SrP«ii-5^:«>^^--1f3fejKl 0 1 

Oft #3: 9 0 o ^x.5 «fc 5 mjEftSftfc^V^ o-Y 5 7^-1 0 3 y 
^0^7^57-10 3T?RJH-$tL^:V— ^LSr^-fS^fflW^Xl 0 
5 i^vyxi o 5t?t^$Htv — if^L*sfig*t$3xSJpx»«i«>ids 
«S®£fr5*t@-£r 1 0 7 l&WS l 0 7&Xtt:£fate#Sb£iir3;Jfc«>G>X«i;*. 
20 7-^10 9^ ttff£l 0 7 SrXtt^lRj^E2fi5i"«Y«i^-[R]tc:#Wi$*5fcfe 
(DYm^'T— v*l llh ^g^l 0 7^Xf4RT>*Yfft^lp]^li:^i-5Zf4^r|Rj 
I^Sl$t5fcft©Ztt7f'-i?l 1 3 ^ r^&SoO^r-^lOg, 11 
1, 11 S^tt&fflfl-rS*^— S?ffl*Pf»l 1 5 ^Ii5o 

[0043] r©MP©x (y) Wi^iRio^Sbtt. JpxM#%i^x 

25 (Y) «^f^l0 9 (111) i-£9X (Y) tt^lRj^ftS-tirSwfcfcJ; 

V)fto 0 ztti*-iRjf± N inxM^i o@i o tUSSi-s^fafto-rfx flnxM&«fe 
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[004 4] \s—f%M 101 &s</U* U— tf}fe«:3&&-rSN d : YAG U— 
d : YV0 4 U—f, Nd : YLFl — f ^f-^^t7 7-fT ^fe5 0 ^ 

[0 0 4 5] fMJimWLl 0 0 6>fcl % 107 MfcS&frfcAnX 

1 ^m^tBKx k> mm-r^t^^^n^tm^^.-r^umm^m 117 

tLfeBrftjfefflotr-A^^y ^119 t&fls&s. tr— y^ii9t 
DfeHvyXi 0 5 toram^^ n-f 5 7—1 0 3#siag£*v-ci^ 0 \* 

ftjgl 1 7^b^bfc-5Tm««^-A^^y ^ 1 1 9T?*?J^dS^*^s 
r £ Hfc-5im^a s ^-r ^n^f>7^7-103 Rtf&ft^B ^ 10 5 

[0 0 4 6] V-fUlIgllOOtt^bt, lT-WPy^ll9 % ^ 
7a^y^5 7-10 3M3fcfflV>Xl 0 5 ^mii^Xi^iag^tLfcM 
5(1^1 2 2 3 ^it5„ SBHfeS^F-l 21fc LtttW^HlCC 

D*p«7^*>«, mWrFfevJ ^5^«r-^tpffi 1 0£]f,Pj!Ufc^«^K#t?fc 
tt N M^Xl 0 5. ^-f^ci-f y^5 7-l 0 3, If-A^^p -/^l 1 

9£SiifiU ^VyXl 2 3T'^^^T^ft*^ 1 2 lt'it^^ 

[0047] I'-iFAnx^a looft^b^ $ fex?- ui^a^ frfc 
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iif-^ ^A^j ^ii^Itf-^ W i 2 5 ifflnxHB i o o<£# 

fc«f*i-S^friW»ftJl 27t 12 9 tSr#^5 0 SMBx — * *Qi3fcP 1 

2 5f* N SHfe?*— * SrSfc: tTH^ffl*H 1 1 7-t?^bfcprmate<Z)^^Sr*BX 

5 ilifCXr^ i?mffl&l l S^Ztt^-r— V s 1 l 3 &&W)MW1rZ> z k\z&*) ^ 

r ©mf- * fcfc£#$iJW i 2 7 ^ b ^W^§i5-e€-®^a^ & $ *l n 

10 ^12 9tibW, ^WCit), 1 2 9^IM^*J^5 0 

[004 8] £:&ffl$9U 1 2 7 ^te s ^T-^JW 115 frb(Dy*— ffi 

V^f«JWl 0 2, 1 7Sit>^^-^$iJWl 1 5^iJ®i" 

[0049] xa! ufe i — if 2rax^« ioo ^^v^fc. ^mmmm^m 

[0 0 5 0] il 5~@1 7lr#it5t s •> ^ 1 a fi, 3p&*fc"Cfc 9 P&R 
afctfcSrSLTV^. 016lr#It5t^ !7^^ 1 a O^® 2 1 Knm^^m 

[0 0 5 1 ] ^fc, !)iAlalt t';xyf-v'3y77J'h (KT fO 
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ofi9h ^7^1 a^mm^^^f ^^^^xmm-t^m^ 

[0 0 5 2] £fc, Ull 7&#Hr-r3£. !7^1 ate. (Si) a*e> 

ft^K^l 5h S^l 50^®6_b^Ji$^cia)i$P4^^TVN5 tJ ISif 

$P4^, i«t£*m (s i o 2 ) frtbizzmmn&mmi i a^i 7 1>, 
(w) ^bftsfgiossnui i 9 a Rum2(omMm i 9 b^u-o^o 

H:^fiJ$tLXiJS$^fc^^^±^mi^i2^)S 1 9 atmmtsfrx^Zo 

m i <D®dMm i9a ^t>'s^ 1 5 {4, mmmmm na ^Kiti-s £ ? b 
^fc7°7^2 o aKXox^^m-mm^mm^nx^^o ifiwi 7b«: 

Jf P^HtJl 17a 1 OIEHS 19a .b^Sf® $HTfe 19 N JBffil&M 1 7 

b _h-T?£>oT3? i ^fa^Ji i9a \,zi$m-fz>mm~m 2 oia^ji 1 9 b -^mm £ 

tLrV^5 0 m 2 (DWMM 19b &t>*:f§ 1 <£>MU1 1 9 a JgffiSfi&Jg 17bSr 
Rili-Si 5^JtP>^tfc7 P 7^2 0 b ^ioTSV^-m^^J^^c^t^-CV^o 
[0 0 5 3]' Jg^if&i^Jf 1 7 b JzXfroXm 2 <Dmmm l 9 b l^rbOR^^^fc 

[0 0 54] (mi COHWll) 

[0055] 018 1 9 *mm&n\^%z> u—^-mn-^m<Dm 1 ^ 
mm*wiw-fz>tc)b(D-7ti~- yxfoz>o *7c N ni2 0—IE12 2f±, fcmrn. 

[0 0 5 6] Hi 8£#P£-r3^ tfs >)xAl a©t®3WW4%{?: 
mir%frib<D{%M7^ ;\'J*kVXmM ; r—7 > 2 5&2M^-$-Z> (SI, HI 2 OA) 0 
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[0 0 5 7] ge^T. a©iil 5©^^ »^7^y5tJS 

oT«JWiBjft««8^^-r5 (S3, H12 0B) „ 13 2 OB ICiSSft 

rttttcttKm £ ux^jst^a^ i 3 srEMfc-t-s. - ©gFSM&sMHJfc 1 3 a*. 

[0 0 5 8] HI 1 9f4, Ml 4^£tbfcV — if^DX^Sl 0 0 ^rffi 

7K S a® 2 u&s&steJB vyXi o 5 i M-I2fi£*b3 0 ~rt£%>~h. 

[0 0 5 9] H14 RXfim l 9 t . £i\ S4R 1 5 ©3teKJ|X«M4«: 

i ^5i^-rs (s i o i) . 

[0 0 6 0] gfcwr s mmi 5cd»^s R.tWS$rW5:%IfcUT N yx 

/M a<Z>Z$ft^|Rj©#ibft^^i-S (SI 0 3) o n^f^s JsAiaOiB 
2 l A> feBfj£»rtffl©M3©#«fc if ft L (DMftM. P Sr^fc*S fc 
5)^1 a ©«®2 ltffiitSl if^L<D^^P^S2Pi bfc^=c/^-l a 

[0 0 6 1] !/-cc/n1 a^rV-if^qX^gl 0 OOtt^l 0 7K?^1 a 
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5 1~5 (S10 5) , iPJ$tlfc!>x/Nla©Sffi2 1^Ifi^l2 1tj;l?i 

^i-5 0 2 i ^ i vmmznfrMiik^-ffeWLiMi-T-ff&mi® 125 

is-rs (s i 0 7) „ 

10 [0 0 6 2] ^(DM&T*— ?i**T~i?mmm 1 5 KliUbfrSo ^^—^ffiiJ 

1 ClW^^-^^S^bTZlft^x— i^l 1 3^Z*A^-(r]<D^W) 

(si 0 9) „ tiffl^Si 1 7©"IIM^i^ x /Ni 

aOlffi2 lKlfctti-So ft*N SHfe?*— ft&m&l 2 5tt*^— ^ICS-^V^ 
15 tef*— ^f*^$iJWl 2 7 &^L-T^-^ 1 2 9 Z-thKX Y) 

l 2 9{c§]if^7'l'^5#ia^t£^:®^^^$tb5o 
[0 0 6 3] ^»J«P 127 fcn^frX'r 103 
y^^A^^Tjo'?. ^(DMS^-^^x^-^JWl 1 5{^^tb5o 
^-v^iJMl 1 5 i±^(D^Wj&f-^\^^^X, ls—Fy£L<DMy£&P<D 
20 17*^1 aC9g®2 1 ^ bFf J£HiSftl*H&'J t ft 5 J: 5 IC N Ztt*^ — v 5 1 1 

3tJ:5 fr^^i a SrZtt^iRj^Sb^-^rS (Sill) D 
[0 0 6 4] iV^Ts 1f3teaSl 0 l^fev— -«L£3g££ii:T. If 
*L^l)x^l a (DMM 2 ^-if)fcLO*5t^Pf«^l 5(Drt 

25 ^M^H5„ *Uts $J»rFJ£7-<i''5lE»5 i5tXtt^r-i?l 0 9^Y 
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Wx^fe? 4 V 5 Ut^i^lf^ 1 3 fcj^fifti-* - £ <£ t) „ §!Wf 

V5fc»59Illfjejft<H*8«ra&Kl 5 ©I*3*Pl::7gfifc1-5 (S 1 1 3) „ 
[0 0 6 5] St)(0l8Sr#it5^ ^ 1 a ©«jS 2 1 fc#3H4©7 ^ 
;l/AT*fe§i^/^'Kf--/2 3lrgtt5 (S5, H2 0C) „ aidf-*/-?^ 

[0 0 6 6] ^v^-c, wWH&jBlW&s [zfeoXV^^i a teWfco*? 

ft 2 4Ktyffi-fZ> (S7, 0 2 1 A) o i-jfe^*>s aOlffi2 li^i* 

8 ^ b tffi 3 2 l^StStSl 8*S±i:, ££l 

If^ttSi:^!^ JUMffilMl 7 aK.t*l 7 b t>isOI£r ^/ni a K1J& 

n— 7— Sflfci?* 5 *)*. *f-. 7xa 1 a cd*® 3-^*® 2 1 «(DM;6^ia& 

-Ct>«fcV\, *fc, !) x a 1 a ©^ffi 3 tgf $ tifcffilr-7 2 5 b t-f 

[0 0 6 7] 5^V>Ts <7 1 a (D^ffi 3 fcSMfrSfrbfciMx — :7" 2 5 fcSfcfl- 
j&V&fi&fr-rS (S9, 0 2 IB) 0 #»7 l -^ , 2 5»!l*^H(lVS:JH*t-t-«Jlt 

a©3tffi3 3&»e>«lfti"3 (Sll, 0 2 1 C) ) = ft*o\ — 7° 2 

5 (Dfljplt{4^^/Nl a ^rtH||T-r^xm (S7) OW^fToTt>aV\ 
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[0 0 6 8] ? x/M a y 2 4 C^»t5 (SI 

3. 0 2 2) i-7fet?*>. i^'yKf- 3£r#35£- ; a:5i£te:«fc *)W$L<o 

^$P5> 2 4 ©-tfLJpix*: tr y ^ T ;x 7° bjr < ft 3 0 
5 [0 0 6 9] mJtl&eji bfc ± 5 ^ if^x^fetc joV^Tte. 

©2 1 ^±ttt*l^l 0 7±ttlt5r tm5©T\ 17^1 a (DM 

[0 0 7 0] tu, ^^msLt^o^M.^X- «j&£;h,5Qfc«iS$4Xt>o 
5r.^*s-cftSo !) x a 1 a ©Iffi 2 1 txdf ^/^y Ff^ / 2 3 

15 [0071] -f ^*>*>n #Hi£W-^5 y-fjipi^ta^id 1 a 

S15 iWKiSOSn&^fHi* 8 -if-iO, §I»nB^^ 8 SrjB^ti: L 

i a^^gp4^i-sm•a-^-*3v^-rt>^7^/M a&iM**»c4B»r*-5r.£::6s-c 

[0 0 7 2] f-fc N V-if^PX^lC £*U£. ^©^W- K 

7-y7VtU&2 4W±©WSiS«r/h$ < U i9#<©f y^RfflJ^2 4^1x«9tti 
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[0073] £fc N mm&4<Dm&tt^i'—?ftL<Dmtt3kWte¥fc£^x 

tTEG (Ttest Element Group) ^(Om^M^^^f^X^^^hh^o 

[0 0 7 4] ^fcs if^X^feTfis «7*^ i a IZI^-f 7 

15 /M a «r*«©^y:^Rtt#2 4t§I||lfUTI/>5. rWaot, 930% AM 

[0 0 7 5] £fc N *H16W^«5 V— IfJnX^feT'f*, x^^^y Kr-/ 
2 3^!)x/n1 a ^g^Lfc^C, fi^SlT 1 — "7° 2 5 SrB&fcbTV>3 0 ijxfcio 

[0 0 7 6] 02314, if JPX*-fe©^^JSrKWi-5 fc 

Ir]^»c5D^MS^ 1 3 &J&fci-*„ *»«MS«« 1 3 £r <D«fc 5 
5^tt N 0 1 9^$^fc7n-ft-b©^T7 7°S 1 1 1 ( V =. ^ £r Z 

25 f^^»b) ^f^sii3 (akKiH«w^*) tttrnztimmns t j:v\ 
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OS 2 <z>Hlfe0!l) 

[00773 in 2 4 f±> i £ ifinx^-^oB 2 ^Jfe^l^i- 

^p^^-^^- },-efc5 0 12 5-12 711 *^i^!i?rmp^-rsfc^©C7 

S«i 5d«SK*« J:5Wit5^ (2) ^7x5/^3 3^^v^f^^ 

-^^£tT:b&V^ (3) a t/^lfP^ 2 4 Ufc 

[0 0 7 8] B2 4^#It5^ 7x/^la©iI3«T^2 

s^^-rs (s2i N H2 5A) 0 roimn ® immm^tertz^iy? 

[0 0 7 9] ^V^-Cs a Oft® 2 1 ^Wm^S (S 2 3 N m 2 5B) 0 

-Oi^ S^l 5C0j*^^r'ERj^lf^f3 0nm~5 Ojim^ X'^ < ft £ £ 5 l-Wfi'J 

At^-frSfc*^. ^'J^©Kffi2 l^qzta^oyf®i:^5i5^te2 1 3r$F 

[0 0 8 0] g^T. !7 1 a 1 5 (D^K, Wm^fc? J ^ 5 

o-C§]!|lf®^^8^^i-S (S2 5. ID2 5C) e &V*T, 7x^la©^ 
BiJ^SEffi 2 11^ rc^^/^v K^--7"2 3 (S2 7, HI 2 6 A) 0 

r ft h <DJLW±, -^ft^ft-hiii Lfcfg 1 MM®] it 5 * =T v S 3 RXf S 5 t 
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[0 0 8 1] gfc^Ts rc^x/^K^— 7° 2 3S:#§S$^:5r.i:fcJ:t), #3Sr 
jB^fS«8Sr®^i: Ut^x/M a fctt*©? 1 * 2 4 ^ISri"5 i £ % 

\- s fc*©^y:^tfcfa5#2 4&EV^#l£§i§:5 (S2 9, @2 6B) „ ^<Dt 

BuMbfc^^j/^S 2 3Jz:*5Vnt^i 5 ft S J: 5lJi»Jbfc 

5 cqT\ ^^r^/-^ K-r — 7°2 3 4r#SI$*5i £ J: 5 !M KJfitfJ «fc o T N 

—7" 2 3 *^:05**#li$*5r. fcfc* •?««fe^y^SP^-2 4©WI^fiaiffi2 

[0 0 8 2] icV^T, 5»MltL (S 3 1 N 0 2 6C) „ 

10 $kWr~--f2 5£r?7:x.^l a ^M3^bfJSI-r5 (S3 3. 1212 7) „ 

©lift, ^ttti^ViLmiMMMKisVSX'ryzrs 9RX*S l l £ liftS 

t£<DX\ Wmte®m&&tir-i-Zo ft&\ {^^-7°2 5 ©fijgf (4^ ^f^^^K^ 
— ^2 3 4r#3R^*^3i^l a ^§]||f-rSXm (S2 9) ©gfrtefroT t> &V\, 
[0 0 8 3] WiFflBXfc1feK:*3V^ »* N _B£ Lfcfg 1 

15 tmmi^ ^xAl aO^M3{cfo5M«B4^^— if^LSriiL^lt^r-r^ 

[0 0 8 4] £fc. ifillX^ifetefcV^TWu la© 

19 tni£& <^^ia &wm-tz> rtmso 
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[0 0 8 5] Jcfcs -&%1l&mK$hZ> !f JDXj^Jfej!:a3V^TW: N 9 i a O 
K®2 1 fitLfcx^^yKr-y2 3 Sr#!S$^:5 t \z. i *) % WWrUM. 

10 [00 8 6] £fc, #|Slfc0!|fc:fl$3 U—Vtottmz&^Xn, £7^n laO 

«®2 1 & if 5fc Alt® t LtW- ^ftLSrHMtLTV^o 5SK#b©^*»31 

y K-x— "7° 2 5^if^H5S®2 liMcT§l»fi«l 3j»j££*l£ 
15 ^[sj^feSo — ^ Kf ^2 3 i, S«i 5©3Kffi2 

Al a SrTO-TSr fcdSXt 5 D 
[0 0 8 7] Hcfc. *|WfiffiI»Cfii« V—lPJPX^&fcfcV^Tttx m^X^V K 
3&#3g£ii:5;i£fc«fct> *a'M a ©«»C©^ y T^fflJ^ 2 4 Sr^fit 
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[0088] (M3 comWM) 

[0089] in 2 8 f± % *mw&niz. x s u—^mn^m^m 3 mmm^-t 
^n-^^-b-efeSo *mmmk±i&\.tifsimMmk<Dftm&te, (1) -r 

5 T-«:, m 1 HifiW-T^ Ufcdl 2 0 —HI 2 2 £r#P£ bift^i" 5„ 

[0 0 9 0] M2 8&0m-f%k. £1\ ?x/Ma©$I3OTf-7 t 2 
5^r^*i-§ (S41 N HI 2 OA) o lcV' l "C s ^xaI a ©S^i 5©^^ 

mm^fevJ ^5 \^^xmmmmM^8 ^m-r^ (S4 3, huob) 0 m 

V^. *^/n1 a CD^® 2 1 ^ ^*c*s<^Y^—-7 2. Z^mm-tTZ (S4 5 s 
10 0 2OC) „ ^tibOJimtes ^rtb^HJtizEbfc^l^JSFlI^^l-t^^^^^S 
1~S 5 tP^ft£>T\ W'MftmW&^V&l-Zo 

[0 0 9 1] geVNTs riT-/2 5 ^^W^riltt L (S 4 7 S M 2 1 B) s 
^r^^ — •7 P 2 5 1 a (D*@3^bfiJili-S (S49, 0 2 1 C) 0 ilH 

boigft, ^tb^jiaziibfcmi^^J^^^^^^^^s 9&t>*s 1 1 tm 

Z>fot)<D%ljK\&fTfrt£^(DX\ HI 2 lBS.tK|H2 1C ^Tj^axTV^*^ 1 8 fi 

[0 0 9 2] xdr7^ , yKf^7 P 2 3 £#5K£it;5 - £ 9 , ^Ol^f 

^&«8£i£^ LT!)^1 a &1t£5c<a^;y^|fcgp# 2 4 \n®Wr-fZ> t <t % 
20 JCs m*<V*?-VZftyM$r2. 4 &5LVSC#gf (S5 1, 02 2) „ £ # s 

^«JT^iBtiaiUfc^2^»!lo<}; 5^«i 5 &^<3FPjiJLTW£V^-c\ 
x^/^Kr-y2 3^#?S$-^^ri:te:i5§l?S^«r^2^JS^!jJ;i9 

[0093] iF;bPi:£8ifc::i3v^«\ bfcfg l 
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[0 0 9 4] Sfc* *HS609^^5 I- »X^^*5VNX«s XxEUfcl? 2 

HWJ i: > Vy^-y 2 3 Sr#K$*5 - <b i 5 > §J»fjB^ 

5 ^8<£rjg;£t LT!>x/M a 2 4 fcHSU»rt-5 £ £ t>l£^ 

«*o^y^«t*P^2 4&ZV^#Jtr5xa*:S:IPI«rte:fr 5 r 
X#S^-Cs «3tXS«rfi!l»'f 5 r. t tfS -c # 5 „ 
[0 0 9 5] (^4(DHJffeM) 
10 [0 0 9 6] @29tt, «fc 5 v— 1fJnx;£Ss©!B 4 mfe^Sr^-f 

tt^Ufc@2 0—I2I2 2 ^2^WJ^T^LfcIH 2 5 t Lft^ kfft 

15 [0 0 9 7] SI 2 9&#Hrt-5 fc. *"#\ #*>»1 a©^®3^«^— 7° 2 

5Sr3g*« (S6 1. 11120A) 0 COIIlt ^ 1 MMMKis \~}Z>^*r-yy 
S 1 kmmt£<DT:\ »JNB*ttWSr4fI»i-«. IfcV^ -)x/n1 a©S®2 l 

(S6 3, H12 5B) 0 r©Igfi, ^2^ig^iJ^*5^5^^^-7'S 2 3 

20 #J^£9W'>'5te»oTWtfjSjR1R«8 SrJgjfc-tS (S65. H125C) 0 r. 

[0 0 9 8] jf^X. i^xai a©IS2 x^/-?yKf^2 3S:g 

tfb (S67, 1212 0C) , #31 /M at^^MtSiitJ: D WSffi^lH 
25 i$8 t^oT^/M a *4Wi!t(7>^y 2 4fc«I»fU (S6 9 N 121 

A) . {^S^-7°2 5 ^^^^T^ttb (S 7 1. 02 IB) „ Um7 L — y2 5 
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Sr^/M a ©SftBSfrfeWmb (S73 s H21C) „ ^^r*^ ^ K^-7° 2 
£-12:3 (S75, 02 2) 0 ^i%t><DJLm^ ^i^fh±^Vf'miMMM\^ 

\iz>^y?°s 5~s 1 3 tmm^<Dx\ m\attMm%%v&~fz> 0 fcaru &m 

M&lXfe^Ty^S 6 3^*5V^-C^^/^1 a (7?ft® 2 1 SrEF&'iJ LT £>T\ S 
^1 5©]|^tti!2 OC, 02 1A— 2 1C, ^UM2 2 ^tj* £ *T,fcSt£ 1 5 £ 
ni<^otV^ 0 7^*5s — ^2 50fimfl{±^^^l a^^JISfi-^Xm 

(S6 9) (DHtr^o-CtiSiV^, 

[0 0 9 9] U—tfMttm^&^Xfe, _Lfi£ Ufc^ 1 

[oioo] ^HMtfiH-^s ifflwijfrifc-ctts ^ i £ I^^t-. 

Mb UT!)xai a %&M\Z-WWr-tZ>Z. b&X%Z a 

[oioi] ^mm^mmmmRx^mMm^o^xmmKmm ufc^ N 
*mmfe±tzmtmmRx$mMmfcmfe£fom^ t 5 tLxi>^\ 

srw-r 5 v ut^^iifflts - 1 &x% So 

[01033 sx±.mm bfcfc 5 fc\ #3§W;M£5 v- ifAnx^m i^tfs #n 
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m K®Wrt s r. t & -et § „ 
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RiM-r £ r £ »c J: «9 ^^KUtK: J: § afc«ig*fc«:3gfifc U - ©afcJKffifcfc: 
2. Mii:. HufB»^±^^b^fc^S^^^tf¥TO^nX^^^ 

mwM-x.n^o^mm^'^y ^ o t stria v— if # A#m^ e>^f j£Ha*rtfla 
ft&faApx^^wMfB^ji$Pffi!i©*® ^ A* u tuia^x**^ 
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5 <Dgp#££-ili-rsxm&ii£3, 1 — ifinx^-fe 

io ^ytz&ftt-tztik^j: vmm&kmmm&j&f&L', i©»«}aot, 

15 £#£5, if^PX^fec 

20 if 3feSrflSI*i-s r. £ »c «t 19 ^iK^smSr^ U n o^ib^a^^ iox, 
\z.%}m&&&&&j&&. ts wia*nxM^^Sffi^#3Stt^7 w u 

iltrfB*nx*tfe'ft 5 r t <fc <9 ifflB9lff]&Att9G&i&££ bTmrfB 
25 t)g1IIEJnXM^©S(rlBli^^Sr^l8ti-SXSSr<S^.S. 1fJPX^fe 0 
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7. StriB^X^^4fe^^rlB^»nB^^%-^fifei-SSSrJz:. HulEJnXM^<DBU 
IB£^^^< fcfl?rlBiPX*t*4fc<OprlBaEBSrflFfi!li-5, I**:® 1-6© 

8. fulS#Kt4cD7^^A^mria^PXM^^*bfc^ s iulE^S^^A 
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